The influence of electromagnetic radiation (EMR) on charge and energy transport processes in biological systems is studied in the light of the soliton model. It is shown that in the spectrum of biological effects of EMR there are two frequency resonances corresponding to qualitatively different frequency dependent effects of EMR on solitons. One of them is connected with the quasiresonance dynamic response of solitons to the EMR. At EMR frequencies close to the dynamic resonance frequency the solitons absorb energy from the field and generate intensive vibrational modes in the macromolecule. The second EMR resonance is connected with soliton decay due to the quantum mechanical transition of the system from the bound soliton state into the excited unbound states.
Introduction
During the last decades the experimental and theoretical investigations of the biological effects of external high frequency electromagnetic radiations (EMR) have attracted a great deal of attention. On the one hand, with the increase of the usage and types of electrical appliances in everyday life and modern technologies, the problem of their influence on health and, respectively, the problem of scientifically justified safety standards are getting more important. On the other hand, applications of microwave therapy methods are ever increasing in modern medicine for the diagnosis and treatment of a wide range of diseases. In the meantime, these methods are based only on the empirically discovered ultra high frequency EMR bioeffects. Moreover, such effects can be both beneficial and detrimental and their degree depends not only on the exposition dose, but also on the EMR wavelength.
Although there exist few hypothesis on the possible resonant influence of EMR on biosystems [1, 2, 3, 4] , the mechanisms of the nonthermal biological effects of EMR are still unclear. To a great deal this is connected with the complex nature of biological processes and their variety in living systems. The whole hierarchy of these processes is based on electromagnetic interactions and, thus, is sensitive to the external EMR. This includes the direct influence of EMR on ion transport in membranes, charge transport in macromolecules, free radicals, molecular dynamics, etc. Through these primary processes all basic biochemical and biophysical processes and the metabolism of whole cells and organisms are sensitive to EMRs.
Here we study the influence of an external electromagnetic field on the energy and charge transport processes in biosystems in the light of the soliton model [5] .
Soliton Mechanism of Charge and Energy Transport
The main biological processes occur with the consumption of energy released in the processes of the hydrolysis of adenosine triphosphate (ATP) into adenosine diphosphate (ADP). This energy is about two quanta of the amid-I vibration of the C-O bond of the peptide group. According to the hypothesis of Davydov [5, 6] , the energy of the ATP hydrolysis stored in the amide-I vibration, can be transferred along the polypeptide chain to the remote place of consumption in the form of a soliton. The latter one is the autolocalized state of the excitation which propagates with the constant velocity together with the local deformation of the relatively soft polypeptide chain formed by weak hydrogen bonds along the α-helical protein molecules.
Another class of metabolically important reactions is connected with electron transport phenomena during the oxidative phosphorylation processes when the ADP is converted into the ATP molecule. Such a charge transfer takes place along the α-helical regions of the enzyme-macromolecular complexes participating in the reaction. It was suggested in [7] that protein molecules can also facilitate electron transport: the periodic potential of the peptide dipole moments in the αhelix creates a conducting band for an extra electron. Due to the interaction with chain deformation the autolocalization of electrons takes place and electrons can be transferred along the macromolecule in the form of electrosolitons or bisolitons [5, 8] .
Although the both types of solitons are the eigenstates of the Fröhlich Hamiltonian, they correspond to the ground electron state only in the zero order adiabatic approximation which assumes that the total wavefunction of the system can be represented in the form of the product of electron and phonon wavefunctions. As it follows from the variational investigations [9], this is valid within some limited interval of the parameters of the system, namely, at the intermediate values of the electron-phonon coupling constant: χ cr,1 < χ < χ cr,2 .
(2.1)
Here the critical values of coupling parameter depend on the particular model of the macromolecule (number and structure of the electron/exciton bands, phonon modes, etc.) and corresponding physical parameters.
